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Attorney D ocket No. TAGYT-01 3 CIP 



Confi rmation No. 9177 



ApplTcationN umber 1 0/027,807 



First Named Inventor L. Gan 



Address to: 

Assistant Commissioner for Patents 
Washington, D C. 20231 



Filing" Pat e October 19, 20pl 



Gro up Art" Unit J 634" 



Exa miner Name | A. Chakrabarti 



Title: High Throughput Transcriptome and Functional 
Vali dation Analysis 



Sir: 



Prior to Applicants' telephone conference with the Examiner on May 29, 2003, Applicants 
would like to provide the Examiner with the attached review (from Kimball's Biology Pages), which 
briefly summarizes the use of antisense RNA, which is a single stranded molecule complementaiy to 
an mRNA; and RNAi, which is a double stranded molecule. 

Also attached is a review of RNAi, which discusses, in accordance with Applicants prior 
response, the effect of double-stranded RNA in triggering an interferon response in mammalian cells 
(see Figure 3). 

If the Examiner finds that a Telephone Conference would expedite the prosecution of this 
application, he is invited to telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any other fees under 37 C.F.R. §§ 1.16 
and 1 .17 which may be required by this paper, or to credit any overpayment, to Deposit Account No. 
50-0815, order number AGYT-01 3CIP, 

Respectfully submitted, 



BOZICEVIC, FIELD & FRANCIS LLP 
200 Middlefield Road, Suite 200 
Menlo Park, CA 94025 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 



Date: May 28, 2003 




Pamela J. Sherwood, Ph.D. 
Registration No. 36,677 
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Translation 
blocked 



Messenger RNA (mRNA) is single-stranded. Its sequence of nucleotides is called "sense" 
because it results in a gene product (protein). Normally, its unpaired nucleotides are "read" by 
transfer RNA anticodons as the ribosome proceeds to translate the message. 

5* ...HTGGCCTGGRCTTCR...3' Sense strand of DNA 
3' ...TRCCGGfiCCTGHRGT... 5' Ant is ens <: strand of UNA 

^ Transcription of antisense strand 

5' ...RUGGCCUGGRCUUCR...3' rnRNA 
\ Translation of mHN A 

Met— flla— Trp— Thr — Ser- — Peptide 

However, RNA can form duplexes just as DNA does. All that is needed is a second strand of 
RNA whose sequence of bases is complementary to the first strand; e.g., 



The second strand is called the antisense strand because its sequence of nucleotides is the 
complement of message sense. When mRNA forms a duplex with a complementary antisense 
RNA sequence, translation is blocked. This may occur because the ribosome cannot gain 
access to the nucleotides in the mRNA or duplex RNA is quickly degraded by ribonucleases in 
the cell. 

With recombinant DNA methods , synthetic genes (DNA) encoding antisense RNA molecules 
can be introduced into the organism. 

Example: the Flavr Savr tomato. Most tomatoes that have to be shipped to market are 
harvested before they are ripe. Otherwise, enzymes synthesized by the tomato cause them to 



5' CAUG 3' 



mRNA 



3' GUAC 5' 



Antisense RNA 
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spoil before they reach the customer. 

Transgenic tomatoes have been constructed that carry in their genome an artificial gene (DNA) 
that is transcribed into an antisense RNA complementary to the mRNA for an enzyme involved 
in spoilage. These tomatoes make only 10% of the normal amount of the enzyme. The goal of 
this work was to provide supermarket tomatoes with something closer to the appearance and 
taste of tomatoes harvested when ripe. 

Antisense RNA for human therapy. Antisense RNA that is complementary to the proto- 
oncogene BCL-2 is being examined as a possible therapy for certain B-cell lymphomas and 
leukernias. Antisense oligodeoxynucleotides (ODNs) are synthetic molecules that - because 
they, too, are antisense - also block mRNA translation. One has been approved for human 
therapy 

Antisense RNA also occurs naturally. Do cells contain genes that are naturally 
translated into antisense RNA molecules capable of blocking the translation of other genes in 
the cell? Recently a few cases have been found and these seem to represent another method 
of regulating gene expression. 

In both mice and humans, the gene for the insulin-like growth factor 2 receptor (Igf2r) 
that is inherited from the father synthesizes an antisense RNA that appears to block synthesis of 
the mRNA for Igf2r. An inherited difference in the expression of a gene depending on whether it 
is inherited from the mother or the father is called genomic or parental imprinting. 

RNA interference (RNAi) 

In testing the effects of antisense RNA, one should use sense RNA of the same coding 
region as a control. Surprisingly, preparations of sense RNA often turn out to be as effective an 
inhibitor as antisense RNA. 

Why? It seems that the preparations of sense RNA often are contaminated with hybrids: 
sense and antisense strands that form a double helix of double-stranded RNA (dsRNA). 
Double-stranded RNA corresponding to a particular gene is a powerful suppressant of that 
gene. In fact, the suppressive effect of antisense RNA probably also depends on its ability to 
form dsRNA (using the corresponding mRNA as a template). 

The ability of dsRNA to suppress the expression of a gene corresponding to its own 
sequence is called RNA interference (RNAi). It is also called post-transcriptional gene silencing 
or PTGS. 
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Mechanism of RNAi. The only RNA molecules normally found in the cytoplasm of a cell 
are molecules of single-stranded mRNA. If the cell finds molecules of double stranded RNA 
dsRNA, it uses an enzyme (the one in Drosophila has been named Dicer) to cut them into 
fragments containing 21-25 base pairs (- 2 turns of a double helix). 

The two strands of each fragment then separate enough to expose the antisense strand 
so that it can bind to the complementary sense sequence on a molecule of mRNA. This triggers 
cutting the mRNA in that region thus destroying its ability to be translated into a polypeptide. 
Because of their action, these fragments of RNA have been named "short (or small) interfering 
RNA" (siRNA). 

RNAi has been found to operate in such diverse organisms as plants, fungi, and animals 
such as Drosophila, C. elegans, and even mice and the zebrafish. Such a universal cell 
response must have an important function Wh.at could it be? 

One possibility. The viruses of both plants and animals have a qenomo of dsRNA . And 
many other viruses of both plants and animals have an RNA genome that in the host cell is 
briefly converted into dsRNA. So RNAi may be a weapon to counter infections by these viruses 
by destroying their mRNAs and thus blocking the synthesis of essential viral proteins. 

Another possibility. In C. elegans, successful development through its larval stages and 
on to the adult requires the presence of at least two "small temporal RNAs" ("stRNAs")- single- 
stranded RNA molecules containing about 22 nucleotides - thus the same si2e as the fragments 
made by the Drosophila Dicer gene. These small transcripts are generated by the cleavage of 
larger precursors using the C. elegans version of Dicer. They act by inhibiting translation uf 
several messenger RNAs in the worm (by binding lo a region of complementary sequence in the 
3' untranslated region [3'UTR] of the mRNA). So RNA interference may be the unexpected 
dividend of a another basic process of controlling gene expression. 

RNAi as a tool. In any case, the discovery of RNAi adds a promising tool to the toolbox 
of molecular biologists. Introducing dsRNA corresponding to a particular gene will knock out the 
cell's own expression of that gene. 



MAY-28-03 WED 02:20 PM 



FAX NO. 



P. 07 



RNAi : the review g j 

t 

I Vbpt_ newtte rt of trt« arlide are not farriliar vutH MA 
irHuVuuuu or r»y Ann home newer Heard atm* tri* rnuv 
pcutcrlLf tadndoan In a law *J i a|jUdr% tHs rauiew will oicte 
yau Mep^yMrtep touuitk a better uneteratanctriB caf vinat is 
KWAirtwrfwwoey howtkx* it uu^rk, Wnt ittUd tx» dom arcl 
virnt «HcUd bo avcicfcxl W«h«xr Help, you will dimutr a r«w 
fMorabng vuarld: gana i p ) m a— ion ttm^t amdi WUA 



Establishing a convenient and reiiabla method to knock-out gene expression a: 
the mRNA level has been the dream and nightmare of molecular biologists for 
the last 1 5 years. In efforts to generate less or function cells or organisms, various 
molecules that included, for example, antisense sequences, ribo-symes, ,;md 
chimeric oligonucleotides have been tested, but the design of such molecules 
was based on trial and error, depending on the properties of the target gene. 
Moreover, the desired effects were difficult to predict, and often only weak 
suppression achieved (Braasch and Corey, 2002). 

More than a decade ago, some botanists won the jackpot unconsciously In 
1990, two teams lead respectively by N.npoli find Stuitje first reported the co- 
suppression of an overexpressed cfwlcor.a synthase (CHS) in plants. When 
trying to create more purple petunias, they sometimes achieved an unexpected 
opposite result (more white petunias 4 ). The mechanism or this curious 
phenomenon remained a mystery, but it was proposed that the products of 
degradation of the double-stranded RNA region In tno CHS gene might be 
related to this post-transcriptiona! gene silencing (PTGS) (V&n dor Krol et &i 
1990 • Jorgcnsen ct a!., 1996) (Table 1). 

In the fungi Ncurospora crassa, it wms shown that an overexpressed iransgore 
can also induce gene silencing at the post-t, arscriptional level, a phenomenon 
referred to as quelling (Romano and Mcidano, 1992) {Table 1). 
In 1 998, building on these previous studies, Andy fire of the Cflmegie Institute and 
Craig Mello of the University of Massachusetts for the first time demonstrated with 
the worm Caenorhnbditis elegant that dsRNA (double-stranded RNA) ri.-;y 
specifically and selectively inhibit the gene- expression in an extremely efficient 
manner. In their experiment, the sequence of the first strand (the so-called sense 
RNA) coincides with that of the corresponding region of the target messenger RNA 
(mRNA). The second strand (anrfeeme RNA) is complementary to ibis mRNA The 
resulting dsRNA turned out to be far more (several orders of magnitude) efficient 
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than the corresponding single-stranded RN'A molecules (in particular, an'.iieme 
RNA). Fire et al., 1998 named the phenomenon RNAi for RNA interference. TiT.s 
powerful gene silencing mechanism has Leon shown to operate in several 
species among most phylogenetic pny.a (Table 2). 
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RNAi begins when an enzyme, which Mention and colleague En.ly Bernstein 
discovered and named DICER, encounters dsRNA end chops it into pieces ca'leo 
small-interfering RNAs or siRNAs. This prou;ln belongs to the RN.w III nt-daiso 
family. A complex of proteins gainers up these RNA remains 2nd uses their code 
as a guide to search out and destroy any RNAs in the cell with a matching 
sequence, such as target mRNA (for review see Boshor mid Inbouesso, ?OOG) 
Figure 1 depicts en updated model of tuo RNAi phenomenon (Akashi et a!., 
2001; Willecke et al., 2002). In this model, the initiator event coincides with the 
appearance in a cell of transgenes, trsnsposons. virus, dsRNA or aberrant 
single-stranded RNA. In the latter case, as described for quelling, RNA- 
dependent RNA Polymerase (RdRP) is responsible for the production or dsRNA 
The following steps might be summarized as follows: 
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Figure 1: RNAi hypoilietical model 



• Step 1- dsRNA recognition and scnr.ninci process 

• Step 2: dsRNA cleavage through RNasc. Ill activity and production of siRNAs. 

• Step 3: association of the siRNA?. nnd associated fscrors In RISC comp'exo;. 

• Step 4: recognition of the complementary target mRNA. 

• Step 5: cleavage of the target rr.RNA in the center of the region complemc-n- 
tary to the siRNA (see yellow triarvjle). 

• Step 6; degradation of the target mRNA and recycling of the RISC complex 
(see figure 2). 
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RNAi is extremely active in several invertebrate species. Therefore, it was highly 
tempting to adapt this technology to mamma is. However, mammalian cells have 
developed various protective phenomena against v:rai infections that could 
impede the use of this approach. Indeed, the presence of extremely low levels of 
viral dsRNA triggers an interferon response (called ' acute-phase response") end 
the activation of a dsRNA Responsive Protein Kinase (PKR). PKR phosphoryUit^s 
jind inactivates translation factor EIF2a leading to activation of the 2', 5' 
oligoadenylote synthetase, finally resu'ting in RNAse I. activation. This cascade 
induces a global non specific suppression ot translation, which in turn triggers 
apoplosis (for review see Williams, 1997; Gil and Esleban, 2000) 




• D^rid.lion ci nl mtHK ' Degradation of ipeofic mRNA 

• hMUHo* il a| prolrin lynnWi 

O Apoptesis » Knock-out phenotype 



Fujiiio 3: Non-specific and specific cl^RNA silencing puthwsys 

In 2000, a first a Hemp t was made with cKRMA in mouse embryos. Wianny and 
Zernicxn-Goetz have shown that injectoi dsRNA specilicaily inhibit 3 ywc-s 
(MmGFP under the Control of the Elongation Fyctor la. E-cacihenn, and rr-inos) 
in the mouse oocyte and early embryo. Translations! arrest, and thus n PKR 
response, was not observed as the embryos continued to develop 

However, we hod to wait another year before covering the decisive Mop 
Procedures developed by Ribopharmn AG (Kulmbach, Germany) (one) for which 
a patent has been granted) first dornnnstrntocl the functionality of RNAi in 
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mammalian cells. Ribophanm's resea'-cbers reasoned thai smaller dsRNA, 
Similar to those produced by DICER, should not n igger cell death. This proved to 
be correct and by using shod (20 24 bare pairs) dsRNAs • wnich are called 
SIRPLEX'" in Ribopharma's terminology - they specifically switched off genes 
even in human colls without iniliatir.y the acute-phase response. Thus, SlWlf.X"* 
is suitable for gene target validation and therapeutic applications in many 
species, including humans. Similar experiments carried out laier by other 
research groups (Elbashir el al.. 2U01: Caplon et al., 2001) furtner confirmed 
these results. From lhat date, small dsRMA, called siRNA for smalt interfering 
RNAs, become the preferred RNAi el lector in many laboratories. 



Driven in part by their desire for an aliornnlive to siRNAs, Poc'dison et at. (2002) 
tried to use smaU RNAs folded in hairpin structures to inhibit the function of 
specific genes This work was inspired by previous studios showing that some 
genes in Caenorhabclilis efegans neti rally regulate other genes through RNAi by 
coding for hairpin-structured RNAs. Tested in a variety of normal and cancer 
human and mouse cell lines, short hairpin RNAs (shRNAs) are able to silence 
genes as efficiently as weir siRNA counterparts. Moreover, shRMAs exhib'is 
better reassociation kinetics in vivo than equivalent duplexes. Even mote 
important, these authors generated transgenic cell lines engineered to syniheti/e 
shRNAs that exhibit a long-lasting shagging effect througiioi.it ce'l division-, It 
should be noted that Eurogenlec's RNA syn.hesis platform represents the first 
commercial source of shRNAs. 

Recently, another group of small RNAs (also comprised in the range: of 21-25 ni) 
was shown lo mediate downrcgulation of gene expression. These RNAs, known 
as small temporally regulated RNAs (stRNAs}, have been described in 
Coenortiabciitis elegans were they regulate timing ef gene expression during 
development. It should be noted thai stRNAs and siRNAs, despite obv : aus 
similarities, proceed through different modes of action (for review see Ganer.ee 
and Slack 2002). In contrast with siRNAs, 22 nt long stRNAs clownreguiau: 
expression of target mRNA after iranslaiional initiation without Meeting mRNA 
integrity. Recent studies indicate that the two stRNAs first described in nemaiods 
arc the members of a huge family with hundreds of additional micro-RNAs 
(mi RNAs) existing In melazoans (Grosshnns and Slack, 2002). 



Scientists have initially used RNAi in several systems, including CaenoiliolxlUia 
elegant, Orosophiln, trypanosomcs, and various olher invertebrates Moreover, 
using this approach, several groups have recently presented the specific 
suppression of protein biosynthesis m different mammalian cell I hiss - specifically 
in HeLa cells • showing lhat RNAi is a broadly applicable method for year.; 
silencing in vitro. Based on these rcsu'ls, RNAi has rapidly become a v.-eil- 
recognized tool for validating (identifying and assigning) gene functions With 
Ihc increasing importance of Profeomics it will rapidly gam credit 
RNA interference employing shoit c.sRNA oligonucleotides will, moreover, 
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permit to decipher the function of genes being only partially sequenced. 
RNAi will therefore become inevitable in studies such as 

• Inhibition of gene expression at the post-transcriptional level in eucaryotic ceils 
In this context, RNAi is a straight-forward tool to rapidly assess gene function 
and reveal null phenotypes. 

• Development of the RNAi technology for use in post-Implantation embryos. 

• The predominant economic significance of RMA interference is established by 
its application as a therapeutic principle. As so, RNAi may yield RNAbnsed 
drugs to treat human diseases. 



In 1999, Tuschl ot al. have deciphered the silencing effect of siRNAs showing 
that thoir efficiency is a function of the; length of the duplex, the length of irn: 
3 '-end overhangs, and the sequence in these overhangs. 

Based on this founder work, Furogentec rocemmonds that the target mRNA 
region, and hence the sequence of the si.R.NIA duplex, should be chosen using 
the following guidelines : 

• Since RNAi relies on the establishment of comp'cx protein interactions, it is 
obvious that the mRNA target should be devoided of unrelated bound factors. In 
this context, both the 5' and 3' umrar.slauxi regions (UTRs) and regions close to 
the start codon should be avoided as they may be richer in regulatory prylein 
binding sites. 

• The sequence of the siRNA is therefore selected as follows . 

• In your mRNA sequence, select n region located f>0 to 1 00 nt downstream 

of the AUG start codon. 
- In this region, search for the following sequences. AA(N19)TT or AA(N21). 

Calculate the G/C percentage for each sequence identified. Ideally, the G/'C 

content is 50 % but it must less than 70 % and greater than 30 %. 
•Perform a BLAST (i.e. NCBI LSTs database) with the: nucleotide sequence 

fitting best the previous criteria to ensure that only one gene will be 

inactivated. 

■ Don't pay too much attention to the secondary structure of the target mRNA 
since it does not have a strong effect on the observed silencing olfoct. 
The selection process is that simple and proved its efficiency in numerous studies! 
In collaboration with leading authorities hi the field of antisenso stud os, 
L'urogentec has selected from the literature a set of validated siRNA sequences. 
A comprehensive list of the corresponding target genes is given in Table 3. These 
genes may serve as positive controls. Mere information about these gcr.es is 
available upon request. 
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Every researcher would tell it; "The choice ofOie light controls mikes tl-.c whole 
difference between a good and a b.sd experiment". This adage is particularly 
true for RNAi studies 

Therefore, to maximize your result Interpretation, the following precautions 
should be token when using siRNAs: 

• Always test the sense and antisenso single strands in separate experiments. 

• Try to use a scramble siRNA duplax. Tnis should have the same nucleol.cu 
composition as your siRNA but lack significart sequence homology to any ahor 
gone (including yours). 

• If possible, knock-down your <jo,ic with two independent siRNA duplexes to 
control the specificity of the silencing process. 



An annealing step is necessary when working with single-stranded RMA 
molecules. It is critical that all handling step;, he conducted under sterile, RNasn- 
frce conditions. 

To anneal the RNAs, the oligos must first b* quantified by UV absorption at 260 
nanometers (nm). RNAs ordered from Eurogentec are always quantified with the 
highest accuracy. The following protocol based on Eibashir et al. (2001) is tr.c'n 
used for annealing : 

• Separately aliquot and dilute each RNA ougo to a concentration of 50 pM. 

• Combine 30 ul of each RNA oiigo solution and 1 5 ul of 5X annealing buffer 
Final buffer concentration is: 100 mM poussium acetate. 30 mM HEPtS KOH 
pH 7.4, 2 mM magnesium acetate. Final volume is 75 pi. 

• Incubate the solution Tor 1 minute at DO °C, centrifuge the tube for 1 5 seconds 
let sit for 1 hour at 37 X, then use at ambient temperature. Trio solution con |v. 
stored frozen at -20 *C and freeze-thawed up to 5 limes. The linal concentration 
of si RNA duplex is usually 20 pMolar. 
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Despite its extreme efficiency, the selected siRNA might not work in your co'l 
system. If so, it is advisable to check the following points : 

• If no knock-out of the target genu is observed, it may be useful to anay/c 
whether the corresponding mRNA was oft'ectivaly degraded upon addition of the 
siRNA. Two or three days after tronsfeaion, the total RNA is extracted and 
subjected to further analysis. RT/PCR appears to be the method of choice S'rcc 
it Is faster and far more sensitive than Northern blotting. 

• Check for any sequencing error or polymorphism in your target gene. It hr.s 
been shown that a single base mutton in the pairing rog>on of the siRNA 
duplex is sufficient to abolish RNAi. 

• Check tnat your cell line can effectively express the target mRNA. 



Eurogcnlec's siRNAs are usually syinhati^ed at the 0.2 or 1 umnl scale. You 
might receive them either highly pyc (>Q5%) or simply crude with their 
protective groups still attached (> BG'A puriiy). 

By default, we propose dTdT overhangs at the 3' ends, which typr.ally provide 
more reliab'e synthesis and stab'lity lhan UU. However, you may specify any 
mixture of DNA and RNA bases to M your experimental requirements. 
Finally, Eurogentec proposes more than 10 cncmical modifications allowing the 
fanciest experiments (Table 4). 



RNAs are famous for their ability to form stable seconds ly structures. Based on 
this observation, Eurogenlec's siRNA o.igonuclootides are proposed PAGE 
purified, the best purification method to remove till but full-length synthesis 
products, 



Eurogentec has been at the leading edge of the QC methods, introducing Mass 
Spectrometry MALDI-TOF Quality Control in 1999. 
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When you order ono of our siRMA sets, you receive single-strand sjRNAs in 
separate tubes either lyophilizud (PACE purified) or in solution (crude). Si.ch 
conditioning may seem bothering but ii has several key advantages by cMowir.g 
you 

• to use each single oligo as a negative control. 

• to test various combinations of modified strands. 



It is clear ; RNAi is a powerful method. However, as any other antiserum 
technology, this must foe handled and interpreted wilh great care. Inevitably 
negative controls will represent unplea.rnt extra costs. In this context. 
Eurogcntoc has decided to propose affordable high-quality sif!\>As so that woil- 
controlled RNAi experiments will become feasible even in small lab*, 



TWU*. 4c rVbcffi 

MtdUkttio a 



$■ fm-'.-mi 6-rm ctmcw mrm _ 

r _ i'.-.'AiL^! ' " v . '_!' . 

j lAlAto, RluiLmv OHO OmZlO^JStVi 

J M m, Rl^Uniiy O ti CaCW OKmU 

S PlvpeM 0R-0C.XMi .tWM 

If you can't find your particular mcdifici.io.-i, please don't hesitate to contact us. 




SEE 

www.eurogentec.coni 
siRNA chapter 



Contact our Customer Helpdesk 

Tel. ; +32 4 240 76 76 • Fax : -32 4 2€A 07 80 - infoSeurogontec com 

Product manager: D. Poncclet Tel. : +32 4 3G6 G1 58 

(I po.ncolel5 ; " ourogeincc.com 
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